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THE LOS ALAMOS CRITICAL EXPERIMENTS FACILITY PROGRAM

E. J. Dowdy

L06 Alamoa National Laboratory. LOC Alamos. NM 87545 USA

ABSTRACT

lSTHOI)l”C1’loS

MASTER

The ohjtclivc of [hc CM1} work a! Ihc MCEF was Ii) pr,,$id~.
crl[l,dll\ sti”cIy gukncc in handling, Irfinspi, rtlrq and $It,rlng
nutlcw wcqwn componcms [n addition 10 such s~fcl} ICSI< \\cru
cwrlm,cnl~ dCSIg’IICd 10 \.1111-IJIc [hc calcral~lions 11[the n<ulrtmi.
prt,pcr[lcs of weapons These I}~cs of cxpcrimcnls h~!c c(mllnu:d
and expanded (o talida[c compu(a(iond mcdmds anJ inpu[ JJI.I
SCIS(or vari,ucscoofigurmions u! kilt, rcflcc!ing and m,durJling
ma(crials considered fnr holh mihlary and ci$ilan ~pplic~ti,m{. A
cocmidcraldc effort was cxpcndctl in Ihc 60s and 7(I! in runn; n$
cqwra(icmal checkouts O( lhc prolo~~ nuclear rnckcl engines.

The mcasurcmcm dafa USCI.I10 rdidt[c calculafitwr< in. Iu.k
[he ncwon snd gamma. ra~ cncr~ <pcclra and Ihc crow w.[lt,n~
O( fariou$ materials uithln the mscmf+}, in[cgr~lccl mcr IIIL,
nculron cncr~ kpcclrum, These dJla arc uwall} c+lmncd ~<:
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solu[icm-protesting VCMCIS, brxh reflccrcd and bare, Ihc rem JILM.

lion of source jerk and Rossi-a ❑ewsrcmcms (or reac[i~i~ dc[cr.
minalions, [he conuruc:ion O( [hc pro[o~pc of a cumpac[ sruclcar
~wer source, Ifsc rcmcawremcm of dcla}cd rscutrcm pa.ramclcrs.
and Ihc cominucd immuc[ion of Special Nuclear hl~lcr,als (SSM)
workers in crilica.li[y $afciy. Each of [hcsc ac[llilics u dc..cr]hcd in
some LIcIad in [he followwrg

ASSE!$lBLY DESCRIPTIONS

1. ~ mib“1, Iic(

CSf,hr bench.=~. k fag. rsculron cri[ical assscmfdicsJczcbcl. FldI.
ICIp, Big Ten and Godiva Jc~cbcl no Ion@cr csisIs In addition 10
Ihosc hsIcd, anolhcr faa!-bursl assembly. SKL’A, has bcca bud! lw
rsoI ycI mmplclcly characlcrizcd.

●. Sodita I\” is the ia!cs[ in a Iinc of unrtfkctcd cnrichcd.
urassiurn meIal ai[ical ●iscmblies. The original sphcrlcd ‘Lads
CMi~is- was csmsfruclc J 10 dt(crmin
❑cutrorsic ~haiissr of a I unrcilcticd

~~ lhc critml mjss an~
L! sphere. In lhc Iwcr

Gcnhva machines (such as Godi\a IV) c}limhical g~omclr! ud~
sclcc[cd for slrucluraJ s rcngch and rcduccsl lhcrrn~l sh,t.k uh:n
lhcsc machines were o~cr~!cd in [he fasl-burs~ rnodc (tlpcr~ll,~n
kyond crilical on prolrspl rsculrcm alone), These fwJr>I\ hdic

kcn used 10 dcmsmstr;tw nuclear pumping of lirscr~, 10 slmu]Jlc

fasl reactor accidcrr[ [r msicn[$ “U fuel p’ms: 10 C, JljrsIc rcslw>nws
of nuors used in clcctrsx-splica,l iaragng systcm!, 10 im.rgc using

coded apertures and n:u!rorss and gamma ra~x to produ:c shor[.
)itcd i$olopc., ISTs[ud! r~di.r[ism rcspomc 10 sss~[rumcn[atit~n,●nd
10 pr,,tl~cc frlJsslMC g(ntlic mulwions.

b Jc~chcl Wm crrmructcd 10 dctrrminc Ihc swi~.sl mw and
ncu[rorric bchmior ,)f n unrcflcclcd sphere of sJcl[~.phase

2tpu), 1,~ ~upPrI and croIIul slruclurcp~ul~mium mcldl (4.5 1
ucrc dcwgncsl m m; timi/r cktrancous rcflsxliwr hlc~iurcmcnl$
wlh Jc:cbcl ~uppli :d Ihc same cs-mtirmaltln inftvm~:ltm f~u
plu[lmium Ih.sl utr~ lbl~lncd fur uranium wiih I.JJ! (LwlI\J The
mlcrn~l nculr{m sp{ c~rum a~tl Ihc nculron lifclimc ~nd rcl.Uitc
rcJ~ll,m crt~s. wctlt.ns f,w t.rri,ws IsuIt)~s in [hc Jctctwl nculrsrrr

spcclrum Wcrr mcJs Jrtd

d. Big Ten is a rscrnnall}.fuclcd version of a h~,rizonial splu
[able cri(ical asscmbl! made of uramsum mc!d The civc IS c,~m.
PSCSI of a ccnmal scclion of homogcrscous IIJ’7 cnrichcd ur~nlum
cnclcrscd in a rc@on of ahcrna!iag 93P( crsrichcd and nalur~l
urarrium pla[cs simulating an overall 10% cnrichmcm. The oulir
reflector is dcplclcd uranium The composi!icm of By Tcn M su. h

[hat !hc ccntrd ❑cumtr spccmum is ccrmp~rddt 10 Ih~l t~f Ihc Li-

quid MmJ Fast Brccdcr Rcaclor (LMFBR ) w lha( ~crific~!iim of
cross-sccl;on SCISin BIg Tcn would vsthd$tc Ihcm f,>r L\f FBR cJl -
culdt ions, However, Ihc grcafcs[ u[iliry or Ihc machinr is in corn.
pariscms of Ilsc measured and calculated reaction rtilcs in samples
lhw can bc in[roduccd imo the ccrslral region J Ihc cr.rc BC.JJW
lhi~ m~chinc h~s a bight! reproducible gcomclr: and - Iikc FIAIIW.
GLrdilJ I\”, and Jczchcl - has been very WCIIchwac[crizctl. it ILltII(
csmsidcrcd a bcncb. mark asscmbl). Tfsc rcaclion ra[c compwisons
for Big Ten. Ihcn complcmcm Ihc same comparison f<w Jc7c!vI.
G,diva. and Fla[lop. and mgcthcr these form an irrrprcssi~c in.
(cgrd ICM of cross.l,cc[ion SCIS and compu[~limr.sl me~h,,J.
R( icrcncc 4 is ~ complclc description of [hc BW T~n wcmbl!

c. SKL’A is !hc sklh f~sl hurs[ asscrnbl! ([he o!hcrs being
L*c$ @Ji\a, GosJi~as 11, Ill, IV, and hlol} G. U?iFBRI 10 bc
dmc!opcd JI Los AJwrsos. The fuel is cnrichcd ui.mlum. l“(’)?).
mcl~l, allo!cd wilh I 57 mnlyldcnurn in !hc form of J h,,ll,,u righl -

cmukrr c!ilnJcr m~ilc up of a s!wk of 12 annul~r rir,g$ Thl. iI~.L
is .3(.5 cm high uilh rmmmal 24,1 cm and 31.N cm in~idc ~nJ I1uI-
$idc chwcsclcrs, and wci~hs 1SS kg. Rcacll\i!} cL>n[rid is .schiu$rtf

wi[h *ia ccrppcr rcflcc[or wgrrtcms, (hrcc of uhi~h mmc b}
h}slraulic aclsrwrs icr Ihc rwfial dircclitm 10 prtniJc [hc indc-
pcndcm majt,r shufdoun cmSCRAM mcch~.lismc The sxhtr three
arc rcrl.rling cmrlrol drum<. The ccnlr~! Ilul.ncc in SKL”A it J /di’-

for rrf 5 Iargcr [hmr Ihw of thcfi~-a fl’, SKL’A is dcwil.sd in dcl~il
ti Rcfcrcncc 5.

7
-. ~A *kcmhlqh! x hi~

a. The Honc!comh Crilicd Asscmld! i< a unilcrssl h,winvrl.11
spill 13blC machine Crmlaining a 1 !i~.mlh ft). CUhl CJl m.llr; \ ,f ‘t,.
mm(? in,). squwc aluminum lubc$. II is sfcsigncd It} s<r\c JS J

flcvhlc spcm for in”lial mockur mrd)c, f,,r K1.i,. crit]cJl
paramclcr mvc$li~nlions. Fuel in.:cn!or) cmrw[s of iarltw~ fiwl!c
species such as 3.30 kg of O.Of. mm.lhick L’11~3’~ ) f~,il. ni!h \!lJths
and ]crrglhs apprcprialc 10 Ihc aluminum mJlrix lUbCS (-’,mtr,d.

mrJ safely rodb uIiJMc sccliisns of [hc core nr rcffc~l(w m~lcri.llf I,, r
1heir funclion aild major disasscmldy is prm idctl II! I hc mm .Ibl J

acchon of lhc Iahlc. Honcycomt was rcccru!y s(ackwl u ~~hA L’( ):.
hfo (ewe), Be (rcflcclor) mcrckup of a space power rc~clw.
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mcms. Vcrm is king used for Ihc uranyl ni[ra[c stc.rage lank crili -
cal erpcrimerm

d, Shcba is o bare mscmld~ fssclcd wilh a scrlu!ion of ap.
proximalclt 5% enriched uranyl fluoride rniliall> s!orcd in NO
bortion[a.1 ‘2Wcm-diamc!cr b! l.$rnm,long ‘“safe””sIJirdcs~ SICCI
:anks. The solu[ion is [ransfcrrcd lo ~he rc~c[or catity (a W,.cm.
diamclcr by 1.3-m.high sIainlcss SICCI lank ~ilh O.N-cm. thick
WMS) by evacuating [he caiity uhilc appl}irrg helium pressure 10
Ihc qoragc Ianks, A complclcly clcm gcomciry is pro\idcd m [his
sinplc cylindrical sysIcrn, Ixcmmc reacii~i!y ccsmrol is a! fcc[cd h!
Jar}ing Ihc wlu[ion Ictcl. A ‘safety rod”’ ma} k inscrt~d in J
ccnlral Ihimtrlc 10 prmidc fast shu[duuu. lhc origimsl purpow
*as 10 prmide a radia[ion source similar 10 [hose in prqmscd
ccmrlfugc processing plains m act n s[andard for calculamns and
m CJJIUMC cri~icdit} accicfcrs[ alarm delccmrrs and personnel
d,wnclr>

ESPERI!$lESTAL PROGRW$l

1 ~

The ❑onnuclear compnncnts of a Hirnshima.[}pc lmmb th~[

had hctrr rc[ircsl (mm shxkpilc and slorcd JI LOS Almmos WC!C

u~cd in ibis SCI of mcasurcmcn!s. Tho(c compnncnis ucrc

mmrmcd cm [hc Comet Asscmld! rsxrcksincand Ihc fis~ilc ma[cri:ll
In<cr[cd Jiz the hycfrwlic Iif[ plmcn A /cad scrc~~ of {hc afscmh-
I! Three Iwic fypcs O( ?rpcrimcm$ were drmc crlllc~l scpartilim
diu~ncc mcwurcmcnts 10 cdhh [hc upper limit (w [hc yield of
lhc sfcticc dropped cm Hlroshlm~: lc~kagc nculrcn and p~mma ra}
cncr.~ spcc!ra mcawrrcmcnls 10 crrmpmc uilh calcula!mn!. and
phcnomcrrcdupcal cxperin,rrfs insrrhmrg ~hc mcwsrcmcrrf of rarha.

[inn liclds wrd [he cxpowrc cd roof [ilcs, power hnc indmrrs and
uhtdr Mcml For Ihc crilical scpwa!lon mcmurcrncnt$, Ilstilc
p~r[~ *crc fJbricalcd uwrg lhc rmgmal Hmlshlm~ bomb dra~ing~
and <pccifir~!l,,n ~hccls For Ihc spcclr~ and phcnomcmdogicd
mcdwrcmcnm an am,runl 0[ fiiwlc matcri~l ju~t M1-icm fn allow
suit~lncd opcrmiorr al rlcla!crl crilicd Miss uscLI \l~;lturcmcn\\

ucrc mdc I,t, (hwl!h Ihc mscmhl} indc the as~cmhl~ builslirs~ and
on a sl~nd (WI SIrJC !Isc Iwllding, The replica mca~urcmcnr$ arc of

lmmcn\c iisluc in rcsol!m~ unccrlairmcs m [hc caltiukslmm of !hc
ourrul id Ihc Htro}himd dci ICC,

..,

M’c arc repealing a lq~p, Laurcncc Livcrmorr ~ill ii~n.11

L&v~mr: (LLNLI cqwrimcru nn !hc thickncw of bcr!llwm
rcflccmr required In m~kc a sphere of plu[tmium cri!lc.sl. Thi\ et.
pcrimcrd it hcing crmdurlcd 10 at!empt 10 rcsi+e a Iong.unnding
discrepancy klwccn Ihc earlier memsrcmcnl rcwslt~ ●nd all %uI,.
$cqucnl calculmi, mf O( !hmc rcuslts Wc arc rrducing ihc nra5* of

the <phcrc and Incrc,iiing lhc Ihickncw of hc~llmm in thi~ scric$
or mca~urcmcnt~ uilh !hc olqccII\c of slctcrmining Ihs’ minimum
m.mf ol plulmrium Lw an infinilcl) [hick hcr!llium Icflcctor WC
hcc;m lhc ~crwt ullh a ~fainlcw SICCI ckrtf 45 kg !phcrc Of rI.ph.l\c

plultmium ml l.cr\lllum reflctlor hcmi+hclh Iarpcr lh,ln lhc lhl.~-
nr<s thul. ttcd 1~1 t~kc Ihe sys!cm crillcal l’wng Ihc (“[lmc! A+
*cmN\ 3!arhmc, wc mcawrctl Ihc crilical tcparm!,m dwmrccs hc.
twccn Ihc hcml<hclli at m~!crld wa~ rcmmcd him] Ihc twl$idc
r,dlui (If the hcml~hcll~ The Iin.rl mdi’hlmnc It) il hcr!llwm thl~k.
ncw (if H.W cm priduccd a CI(NCS!configur,l!l{m lh~l MM iiI@Nl)
Wpcrcrlllcal al rt~,m Icmpcrmlurc hul suhtrill~.d al an clc!,ttcd
Icmlwrtllurc rc.ulllng (I,,nl mlcrrral in(rm.lt hc,tling ill Ihc
pluttnlurn our currrnl c~limalc for Ihc 31 “(’ tti!ii.d brr)llwrn
tcllc,l,v lhltknc<~ l,,) Ihr 4 ~.ku plutonium q!hcrc Ii k 11 m, ((ml.
IMIL’,1 NIIh Ihc lI~<\ I.1 S1 rc\uh t,f ‘J*I cm and thr l$r,:+rnt \l,,nlr

Carlo crulc calculated value csf?.2(r cm. The sc,lr:h [~v [hc rca<(,nt
for Ihc remaining discrcpanc} conlinucs,

1 ~IJb und A nnular Sloracc Tan k!

WcsIi@rcw.sc Idaho NUCICU Ccrrporatirm (UISC’()) rc.
qucs[cd Ihal wc make mcasurcmcms, ssrsdcr Ilsc auspices of lhc
USDOE Office of Nuclear Malcrials Production, on proposed
SIOI age arrays for highly enriched uranyl niwa[c solutions so (h~l
ccrmparisrrns bcrwccn computed kcff and [hc mcasurccl or cxrrtpo.
Ia[cd delayed critlral condi[ion could bc made. Two I!71c5 of In.
ditldual storage Ianks were crr~isioncd: an annular lank ~nd J slJh
tank In bo[h cases. Ihc cf[cc[s of isolaIin& rrsncfcra[ing isnd rcflccl-
in~ materials were dc[crmincd,

The annular lank had an oulcr diarmctrr crf 76 cm and an inner

cf.iamclcr of 57 cm and a hcigh[ of 179 cm (all dimcnsirms up-
prnxina[c). The uranyl nilra!c srrlu[imr had a conctnlristion or
[).2(-W! gL’, @rlution wi[h a dcnsi[y of 1.4?~ gSolu!ion cm’ and an
cnrichmcnl of 93T The bofrorrr of Ihe rank was 0,95 cm !hick Jrd

!hc radial and IOp walls were 0.32 cm Ihick (dl W L sf~inlcss
Slcs’1),

The three c}lindricd ‘sla~ tanks used in [hcsc csipcrimcn!s irrc
-,35 in. in diameter and the inner axial heights arc 4.25 ,$<m:
Q 04 km. and 10,74 cm, Each lank wa$ fillcsi uilh 93.1 WI,’; - 1.
urJnfl. nilralc solulicm Containing 405,2 gl Iwanium wilh an O\ CrJll

dcrrsuy of 1.S5S gl,

4, -r Tank Pm.on F &“s v wirm Exnc rimcn(

Tbc fluorimd and s[oragc (FAST) dissolver buil[ b! w’INc()
uses s soluble borun compound for crilicali[y prctcnli{m T,)
valisla!c Ihc criticality cdc used by Westinghouse. Los Abm,s
~~iorral Lahoraton designed and ~rfofmcd a scric< or cx~.ri-
mcms inlcndcd to simulalc (he important nculronic char~ctrri~l ics
of [he FAST sfissoltcr. For lh~r purpose, a nickel.rcflcctccl wlu.
Iitm asscmld! fuclccl with highl) crrrichcd uranyl. ni[r~lc stduli,,n
containing rclali~cly high concentrations of lwron *M huill, An
rm[cr reflcc[or region was dcsigrrcd 10 allow ci[hcr no rcflcc!m
lair) or a waler rcll-cmr, whcrcak [he inner rcflcclrv rcgi, m WM
designed 10 allow ❑o rcflcclor (air) or a 12.7. mm.lhick (1),5. in I
nlchcl reflector, Hcncc, (our reflector configur~li, m~ucrc p,>..
silie: (1) outer rcflcclor of air and inner rcflcct(v (Jrair, (2) ou:tr
rcffcclur of air and irrncr rcllcclor of niciicl, (1) oulcr r~flLL’11,( Id

waler mnsJ inner rcflccl~r 10( air, and (4) Ou[cr rcflccl,}r ,\f ,i,:l~.r
and inner rcfkclrrr csf ❑ickel, The rcaclor was fueled wllh ISrJn}l.

nilralc containing IO< : 1 &l v?,15G cnrichct.1 ur~nium, B ,rlt
acid (cnrichccf in % 10 5s,3 atm 7 ) wai diswdvcd irml Ihc ur,lntl.
ni!ralc srslulion in a slcfs.u+sc fashion, The crilical hcigh! ft]r (h
(mar di[[cren! rcllcctor configuralitms waf mcaturcsl as ir (uric I ltm
of boron conccnlral ion, A md of -Y delayed critical conslitl,,n~
were achicvcd uiih smcn naltsral borrrrr conccnlr~li~mi r~nclnp
(rcrm 0 I(} 7,4fI ~ams Jfr Iilcr and Ihc vnrit)u! rcflctl,)r ct,mt,in,l.
li~m$

Thrrc i~ a ccncr~l mi~tru!l r}f nn} mc,l\urcnlrnl 111 k ., 1,11

Iolrrcrl in +ul,Lrlllral \y\trm~ for Mlllch k,fI .: ., I ‘1III, 1111,.11II .I I

Iu\II17JlIlu, at b.cII dcp.lrlt (~rthcr In,m I (I, IyJII,Il \,lll,l,,,rl. III I!I.

nculrlm IIUX cisn pI, IJULC llla\c\ ill Ihc mcilslllcn!clll tl:l IrII, I.r I,, 1,11

Ihc CMCI lt~,t~l,m {Jr the Cfclccltw(i) The mi,rrllrml ,11 III. .

bi~\cs a+ a luntll~m \)l kfII h~~ md }rI IWI,U drlrrnllll,,l III ,111>
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